ABSTRACT. Tritrichomonas foetus strongly agglutinates human erythrocytes, thus suggesting the occurrence of an adhesin associated with its surface. Adherencewas observed immediately after mixing of the parasites with erythrocytes and the intensity increased for up to 30 min. Scanning electron microscopy examination of T. foetus-erythrocytes attachment showed that trichomonad cytoadherence took place mainly through their anterior and recurrent flagella. Ultrastructural observations showed that T. foetus contacts humanred blood cells through punctual binding, inducing the separation between the two lipid monolayers of the parasite plasma membrane.This structural modification was also seen in freeze-fracture replicas where protrusions on the P and depressions on the E fracture faces were observed. No intramembranous particles, which mainly correspond to membraneintegral proteins, were observed at the adhesion areas, indicating lateral mobility of integral membrane componentsinvolved in the appearance of the intramembranous particles. However,no changes was observed on the surface coat.
The ability of pathogenic microorganisms to adhere to host cells plays an important role in establishing infections that lead to the diseases in infected hosts (1, 3, ll, 12, 14, 20, 21) . The surface of parasitic protozoa contains a variety of carbohydrate-rich molecules (4, 10, 17, 18 ) which seem to play key roles in their survival in hostile environments (36) .
Some parasitic protozoa have the ability to adhere to the surface of cells as occurs with Entamoebahistolytica (28, 30, 39) , Trichomonas vaginalis (23, 24, 33) , Tri- trichomonas mobiliensis (15) and Tritrichomonas foetus (6, 14, 27, 31) . The mechanism of attachment of trichomonad parasites to the surface of cells from the urogenital tract is not well understood (33, 35, 36) . Tritrichomonas foetus is a pathogenic protozoan of the urogenital tract of cattle. Although adhesion of T.
foetus to bovine vaginal epithelial cells has been reported, the relationship of the adhesion process to cell or tissue damage is not yet clearly established (ll, 36) .
Studies focusing on the trichomonad-cell interaction have pointed out that the parasites can exert their cytopathic effects through: (a) physical contact established between the two cell surfaces, (b) toxins released from parasites into the interaction media, or (c) the association of both mechanisms (33, 36) . A simple way to study protozoan-cell interaction involves adherence tests aiming to detect haemagglutination activity (27). Such activity, "in vitro", was observed when T. foetus and T. suis where incubated with human (Al, A2, B and O), rabbit, porcine and hen red blood cells (27) . We have observed that incubation of T. foetus, but not T. vaginalis, with human erythrocytes leads to rapid and intense agglutination of the two cells. Wedecided to analyse this process further since this is a simple model that can provide useful information for a better understanding of T. foetus cell interac- Scanning Electron Microscopy. After T. foetus-Qxythxocytes interaction the cells were fixed for 1 h in 2.5% (v/v) glutaraldehyde in 0.1 Mphosphate buffer, pH 7.2. After fixation they were washed with the same buffer and then allowed to adhere to the surface of glass coverslips previously coated for 15 min with 0.1% poly-L-lysine (Sigma Chemical Co., mW 30,000), rinsed in PBS, and post fixed in 1% (w/v) OsO4 in phosphate buffer for 15 min. Subsequently, the cells were dehydrated in acetone and critical-point dried with CO2. A 20 nm thick layer of gold was deposited on the preparations, which were examined in a ZEISS 962 scanning eletron microscope.
Transm ission Electron Microscopy ofFreeze-Fracture Replicas. For freeze-fracture, after T. /oetas-erythrocyte interaction the cells were fixed in glutaraldehyde, washed two times in 0.1 M cacodylate buffer, pH 7.2, and gradually impregnated during 30 min with glycerol in 0.1 M cacodylate buffer up to a concentration of 30%, in which they were left for periods varying from 3 to 12 h at 4°C. Specimens were mounted on Balzer's support disks and rapidly frozen in the liquid phase of partially solidified Freon 22 cooled by liquid nitrogen. Freeze fracture was carried out in a Balzer's apparatus at -115°C. The specimens were shadowed at 45°with platinum and with carbon at 90°immediately after fracturing. The replicas were cleaned with sodium hypochloride, washed with distilled water, mounted on 200 mesh grids, and observed in a Zeiss 900 Transmission Electron Microscope.
RESULTS
Tritrichomonasfoetus-erythrocyte adherence was visualized immediately after mixing of the two cells and the intensity of adherence increased for up to 30 min of incubation. Observation of the adhered cells by light microscopy showed that interaction first occurred through the distal portion of the recurrent flagellum and posterior portion of the protozoan body. Later on adhesion was observed through all portions of the protozoan. This observation was confirmed by observation made with the scanning electron microscope (Fig. 1) . One characteristic feature was the fact that erythrocyte showed a tendency to adhere to previously adhered one so that chains of up to 2-3 erythrocytes were seen adhered to one protozoan. Transmission electron microscopyof thin sections of cells allowed to adhere showed that T. foetus contacts human red blood cells through focal binding (Figs. 2-4 ). At these focal binding sites separation between the two lipid monolayers of the protozoan plasma membrane was observed (Figs. 3-4) . The space in between the two membranehalves could reach 58 nmand contained a homogeneous material. The electron density of the material was intermediate between that of the cytoplasm of the protozoan and that of the erythrocyte. The erythrocyte showeda change in form since the contact with the protozoan was not continuous, but focal. The plasma membraneof the erythrocyte showed small points of interruption at regions close to the protozoan, especially at the focal contact points (Fig. 4) .
Wehave previously characterized the structural organization of the plasma membraneof T. foetus as seen in freeze-fracture replicas. The intramembraneous particles are randomly distributed on both P and E fracture faces, except at the region of contact at the cell body with the recurrent flagellum (4, 5). Freeze-fracture replica of T. foetus were allowed to adhere to erythrocytes exposed areas with significant morphological alterations which probably correspond to sites of contact between the two cells. No significant changes on the structural organization of the plasma membraneof erythrocytes were detected. However, the following morphological changes were seen on specific points of the T. foetus plasma membrane:(a) appearance of protrusions (Fig.   5 ) on the protoplasmatic face and depressions (Fig. 6) on the extracellular face, where very few or no intramembranousparticles were seen; (b) appearance of areas on the P face where several small depressions were aligned (Fig.  7) .
DISCUSSION
Attachment of parasite to cells from the host is the initial event in the infection process and is considered an important virulence factor (1, 3, 12, 14, 20, 21) . Studies centered on the trichomonad-cell interaction have pointed out that the protozoan can exert its cytopathic effects through physical contact established between the Figs. 5-6. Freeze-Fracture Replica of P (Fig. 5 ) and E (Fig. 6 ) faces of Tritrichomonasfoetus. Morphological changes are seen on specific points of the plasma membrane. D, depressions; P, protrusions; IP, intramembranous particles, x 48,000. two cell surfaces (1, ll, 23, 35) . Much evidence suggests that cell surface molecules play key roles in mediating host-parasite interactions (1, 3, 16, 23, 32, 35) and in protecting parasites in a hostile environment (27, 36) .
However, the molecular mechanismunderlying trichomonad-host cell interaction is not fully understood.
The erythrocyte membranehas long served as a convenient model system for the testing of new concepts and methodology in membrane study (14, 19, 27, 37) . Several authors showed the utilization of erythrocytes in study of membranes (8, 9, 13, 22, 29, 38) and the attachment with several cell types (24, 33) . Tritrichomonasfoetus strongly agglutinates human erythrocytes, thus suggesting the ocurrence of an adhesin associated with its surface. Trichomonas vaginalis another pathogenic trichomonad, exhibits a moderate degree of adhesion to human erythrocytes, indicating different amounts of surface adhesin among samples. Trichomonasgallinae does not express this adhesin activity (data not shown).
One characteristic feature of the adhesion process, which has not been previously reported in other systems, was the separation of the two membranehalves seen only at the focal adhesion areas. Protrusions on the P and depressions on the E fracture faces were observed in freeze-fractured replicas of adhered parasites. In addition, areas on the P face presenting several small aligned depressions were also seen. Nointramembranous particles, which mainly correspond to membraneintegral proteins, were observed at the possible adhesion areas, indicating lateral mobility of integral membrane componentsinvolved in the appearance of the intramembranous particles. The surface of T. foetus contains a variety of carbohydrate rich molecules such as glycoproteins, glycolipids (4, 17, 18) and LPG (36) , which form a glycocalyx (4). These glycoconjugates influence the physicochemical properties of the protozoan surface (31), and may be involved in processes such as cell attachment and cell recognition (2, 14, 25, 26, 34) . Previous studies have
shownthe involvement of surface proteins in the adhesion of trichomonad to host cells (35) . Studies are in progress to identify parasite molecules involved on the T. /oete-erythrocyte attachment.
